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® An improved method for removing scale on inner surfaces of boiler outlet tube members is disclosed. The 
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improvements reside in the steps, in combination, consisting of cutting either a main steam tube (4) or a tube 
member on the upstream of an inlet portion of a main steam tube (4) {for instance, a connecting pipe on the inlet 
side of a superheater), temporarily disposing a blocking plate (10) for preventing liquid from flowing into the side 
of a turbine in a main steam blocking valve (6) on the inlet side of the turbine, thereafter connecting the cut end 
portion of the cut tube member on the side connected to the main steam blocking valve (6) with one end portion 
of a temporary piping (8) provided with a circulating pump (a), connecting the other end of the temporary piping 
(8) with the main steam blocking valve (6) to form a circulation route by the cut tube member and the temporary 
piping (8). and circulating a chemical detergent liquid through the circulation route. A preferable method for 
preparing the chemical detergent liquid and a preferable temperature condition for circulating a particular 
chemical detergent liquid are also disclosed. 



2 



EP 0 299 166 A1 



METHOD FOR REMOVING SCALE ON INNER SURFACES OF BOILER TUBE MEMBERS 



BACKGROUND OF THE INVENTION: 



5 

Field of the Invention: 

The present invention relates to a descaling method for surely and perfectly removing scale produced 
on an inner surface of a boiler outlet main steam tube or on inner surfaces of a main steam tube and a 
10 boiler superheater. 

Description of the Prior Art: 

is Heretofore; peeled scale has been ejected to the outside of a boiler system by executing "flee blow" 
(the operation of partly passing steam) before a boiler starts an operation, but a method of removing fixedly 
secured scale, especially Cr-Mo scale was not practiced. 

in a superheater tube and an outlet main steam tube of a high-temperature high-pressure boiler which 
has continued to operate for several years, there was a problem that hard steam-oxidized scale of Cr-Mo 

20 was produced on their inner surfaces due to use of Cr-Mo steel tubings, hence as time elapses the hard Cr- 
Mo scale on the inner surfaces of the tubings would disperse and would cause abrasion of an inlet nozzle 
and blades of a turbine, resulting in lowering of an efficiency of the turbine, and also various valves would 
be damaged. 

Also, a method of circulating a detergent liquid throughout the boiler may be conceived, but SUS 
25 materials are used for the elements and the like within a boiler, and so, they are liable to be subjected to 
detergent shock (corrosion cracking). Therefore, in the case of scale adhering onto a heat transfer surface 
such as a boiler evaporation tube surface, while a method of resolving and removing scale by making use 
of a solution of monoammonium citrate, a solution of citric acid added and mixed with hydroxy acetic acid 
or formic acid, or a solution of ammonium polyaminocarboxylate, has been generally practiced, the above- 
30 described method of circulating the detergent liquid capable of washing steam-oxidized scale of Cr-Mo 
throughout a boiler, could not employed. 



SUMMARY OF THE INVENTION: 

35 

The present invention has been worked out in view of the above-mentioned status of the art at present, 
and it is a principal object of the present invention to provide a method for removing scale on inner surfaces 
of boiler tube members which can perfectly and efficiently remove scale on inner surfaces of a boiler outlet 
main steam tube and which does not influence the portion liable to be subjected to a detergent shock. 

40 According to one feature of the present invention, there is provided a method for removing scale on 
inner surfaces of boiler outlet tube members consisting of the steps of cutting a tube member at least on 
the upstream side of an inlet portion of a main steam tube on the outlet side of a boiler, that is, either 
cutting a main steam tube or cutting a tube member on the upstream of an inlet portion of a main steam 
tube (for instance, cutting a connecting pipe on the inlet side of a superheater), temporarily disposing a 

45 blocking plate for preventing liquid from flowing into the side of a turbine in a main steam blocking valve on 
the inlet side of the turbine, thereafter connecting the cut end portion of the cut tube member on the side 
connected to the main steam blocking valve with one end portion of a temporary piping provided with a 
circulating pump, connecting the other end of the temporary piping with the main steam blocking valve to 
form a circulation route by the cut tube member and the temporary piping, and circulating a chemical 

so detergent liquid through the circulation route. 

Since the hard * steam-oxidized scale is produced on inner surfaces of a main steam tube and . a 
superheater tube on the outlet side of a boiler, according to the present invention, these portions are chosen 
as an object to be subjected to chemical washing, and upon washing a tube member at least on the 
upstream side of an inlet portion of a main steam tube on the outlet side of a boiler is cut a blocking plate 
for preventing liquid from flowing into the side of a turbine is temporarily disposed in a main steam blocking 
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valve on the inlet side of the turbine, thereafter a temporary piping is mounted to the tube member on the 
side connected to the main steam blocking valve to form a circulation route, and a chemical detergent liquid 
is circulated by means of a circulating pump to melt and remove scale m the tubes, as described above. In 
this way. while flowing of a detergent liquid into other portions of a boiler is perfectly prevented to protect 
s the porttons made of SUS materials on the boiler side, scale produced of inner surfaces of the tubes can be 
removed. 

The above-mentioned and other objects, features and advantages of the present invention will become 
more apparent by reference to the following description of preferred embodiments of the invention taken in 
conjunction with the accompanying drawings. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS: 

in the accompanying drawings: 
/5 Fig. 1(a) is a schematic perspective view showing one preferred embodiment of the present 

invention: 

Fig. 1 (b) is an enlarged cross-section view showing an adapter for mounting a temporary piping to be 
used in the method for removing scale illustrated in Fig. 1(a); 

Fig. 1 (c) is an enlarged cross-section view showing a main steam blocking valve in the piping system 
20 shown in Fig. 1(a); and 

Fig. 2 is a schematic perspective view similar to Fig. 1(a) showing another preferred embodiment of 
the present invention. 



25 DESCRIPTION OF THE PREFERRED EMBODIMENTS: 

Now description will be made on the successive steps in the method for removing scale on inner 
surfaces of boiler tube members according to one preferred embodiment of the present invention with 
reference to Figs. 1(a), 1(b) and 1(c). 

30 (1) In order to cut main steam tubes 4 at their cutting sections 2 on the downstream side of a final 

superheater outlet header 1 . fixing devices 3 are mounted prior to cutting of the main steam tubes to fix the 
forth and the rear of the cutting sections 2, and thereby vibration of the cutting sections caused by reaction 
forces of the piping can be prevented. The main steam tubes 4 are cut by means of a beveling machine (a 
machine for performing beveling work simultaneously with cutting), and adapters 5 for mounting temporary 

35 pipings are attached to the cut ends of the main steam tubes 4. 

(2) A main steam blocking valve 6 at an inlet portion of a turbine is opened, a blind lid for preventing 
steam from flowing into the turbine is mounted in that valve, an adapter 7 for mounting a temporary piping 
is attached to the same main steam blocking valve 6, the adpter 5 for mounting the temporary piping at the 
outlet portion of the boiler and the adapter 7 for mounting the temporary piping are connected with each 

40 other through a temporary piping 8 provided with a circulating pump 9 to form a circulation route, and 
solution and removal of scale are effected by circulating a chemical detergent liquid through the circulation 
route by means of the circulating pump 9. 

(3) After washing, the adapter 5 for mounting the temporary piping is dismounted from the "main 
steam tube cutting section 2", a robbot for inspecting tube inner surfaces is inserted into the main steam 

45 tube, and the effect of washing is checked. 

(4) Though the scale would be gradually solves in the detergent liquid by the circulation of the 
chemical detergent liquid, a strainer (filter) could be provided in the temporary piping 8 forming the 
circulation route for the purpose of removing blocks of scale and foreign matters. 

It is to be noted that ports for injecting and ejecting the chemical detergent liquid are omitted from 

so illustration in Fig. 1(a). 

Another preferred embodiment of the present invention is illustrated in Fig. 2. In the case where Cr-Mo 
steel tubings are used as a material of superheaters 12 as is the case with the main steam tubes 4, like the 
above-described first preferred embodiment, a superheater inlet tube 1 1 is cut, an adapter 5 for mounting a 
temporary piping is attached to the same superheater inlet tube 11. also like th above-described first 

55 preferred embodiment, an adapter 7 for mounting a temporary piping is attached to the main steam 
blocking valve 6 at the inlet of the turbine as shown in Fig. 1 (c), and the above-mentioned both adapters 5 
and 7 are connected with each other via a temporary piping 8 provided with a circulating pump 9. 
Consequently, a circulation route consisting of the superheater 12, the main steam tubes 4, the main steam 
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blocking valves 6 and the temporary piping 8 is established, and solution and removal of scale can be 
effected by circulating a chemical detergent liquid through the circulation route by means of the pump 9. 

The structure of steam-oxidized scale on the inner surfaces of superheater tubes and main steam tubes 
making use of Cr-Mo steel tubings is composed of two layers, that is, an outer layer and an inner layer, if 

s divided generally, and while the outer layer principally consists of almost pure magnetite (Fe3 0<.) that is 
hard and dense, the inner layer consists of spinel type oxides principally containing Cr (in the case where 
the material of the tubings is austenite series stainless steel) or spinel type oxides containing Cr, Mo and Si 
(in the case where the material of the tubings is ferrite series stainless steei). 

The steam oxidized scale containing these hardly soluble metal oxides or spinel type metal oxides has 

10 high chemical stability due to a dense crystalline structure and forms hardly soluble scale, especially 
steam-oxidized scale on the inner surfaces of superheater tubes and main steam tubes in a boiler is 
extremely difficult to be solved and removed in the above-described manner because it entirely consists of 
the hardly soluble scale, and so, in the prior art there was no record that such scale was solved and 
removed by chemical washing, as described previously. 

75 As a first preferred embodiment of the detergent liquid used in the method according to the present 
invention a mixture liquid prepared by adding at least one compound selected from a group consisting of 
aqueous ammonia, ammonia gas, morpholine, cyclohexyl amine, monoethanol amine, diethanol amine, and 
triethanol amine to polyaminocarboxylic acid to adjust its pH to 3.5 - 5.5, further adding hydrated hydrazine 
to the adjusted liquid to readjust its pH to 4 - 6 and adding a corrosion inhibitor to the readjusted liquid, is 

20 used. 

This detergent liquid is circulated through the circulation route shown in Fig. 1 or 2. 
As effective polyaminocarboxylic acid in the above-described detergent liquid, for example, 
ethyienediamine-tetraacetic acid (EDTA), diethylenetriamine-pentaacetic acid (DTPA), nitrotriacetic acid 
(NTA) and hydroxyethylethylenediamine-tetraacetic acid (HEDTA) are used. A slurry concentration of these 

25 polyaminocarboxylic acids is determined depending upon the amount of steam-oxidized scale produced 
and adhering to the inner surfaces of boiler superheater tubes and main steam tubes, and since it takes 
generally 7 - 8 years after start of operation of a boiler until a peel-off phenomenon of steam-oxidized scale 
arises though it will be different depending upon a steam temperature and a number of times of start and 
stop, judging the amount of scale on the basis of an elapsed time, 10 - 30 weight % is necessary. 

30 In addition, by adding an amine group alkali agent such as aqueous ammonia, ammonia gas, 
morpholine, cyclohexyl amine, monoethanol amine, diethanol amine and triethanol amine to the above- 
described polyaminocarboxylic acid to adjust its pH to 3.5 - 5.5, the polyaminocarboxylic acid is trans- 
formed into the form of salt, and thereby it is used as a chelating agent which can easily form chelate with 
the metal forming the scale. 

35 Furthermore, upon washing by means of the above-described detergent liquid, it is necessary to add a 
corrosion inhibitor, and as the corrosion inhibitor, any well-known corrosion inhibitor can be appropriately 
chosen for use, so long as it reveals an adsorption effect for a metal surface and can sufficiently achieve a 
corrosion inhibit effect. For instance, an organic amine group inhibitor (trade name "HIBIRON K400" 
manufactured by SUGIMURA Chemical Industry Co., Ltd.) can be used, and its concentration for use of 0.3 

40 weight % is sufficient. 

The above-mentioned detergent liquid is injected into and circulated through superheater tubes and 
main steam tubes in a boiler as described above, preferably it is circulated at a temperature in the range of 
85 - 100* C, and thereby hardly soluble scale is solved and removed. 

The mechanism of solving scale by means of the above-described detergent liquid is considered to be 

45 such that in view of the fact that the solving power for scale is remarkably enhanced by adding hydrated 
hydrazine to adjust its pH, since FeY" (ferric polyaminocarboxylate) produced as a result of scale being 
solved by a chelation effect of polyaminocarboxylate is successively reduced to FeY 2 " (ferrous 
polyaminocarboxylate), the surface of the scale is always held in a reduced state, and thereby solution of 
scale by polyaminocarboxylate can be strongly promoted. 

so As one example of the above-described detergent liquid, a chemical detergent liquid was prepared by 
adding aqueous ammonium to 10 weight % aqueous slurry of ethyienediamine-tetraacetic acid (EDTA) to 
adjust its pH to 4.5, then adding hydrated hydrazine to the adjusted liquid to readjust its pH to 5.5 and 
further adding 0.3 weight % of "HIBIRON K400" serving as a corrosion inhibitor. This chemical detergent 
liquid was circulated at a temperature of 90* C - 95' C for 20 hours through th circulation route shown in 

55 Fig. 1. Thereafter when the inner surface of the -main steam tube was inspected, it was confirmed that 
hardly soluble scale produced and adhered to the inner surface of the main steam tube had been almost 
perfectly solved and removed. 

Results of tests conducted for the purpose of estimating a solving power for scale of the above- 
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described detergent liquid will be described with reference to Tabie-1. 

400 ml of each detergent liquid shown in Table-1 was poured into an Erlenmeyer flask associated with 
a reflux condenser, then 5.6 g Of perfectly solved, 10,000 ppm Fe is resulted) of steam-oxidized scale 
{scale thickness: about 0.5 mm) produced and adhered to the inner surfaces of main steam tubes of a 
5 practically used boiler was put in the flask, and after a solving test was conducted at the temperature for the 
time indicated in Table-1 in a glycerol bath while being continuously stirred by means of a stirrer, a solved 
amount of steam-oxidized scale (as Fe) was measured. 

Also, as a contrast, a similar test was conducted for an acidic liquid which has been heretofore used for 
washing evaporation tubes in a boiler, and the test results were compared in Table-1 . 

10 
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As will be seen from Table-1. the above-described detergent liquids are remarkably excellent as 
compared to the contrast detergent liquids in that a proportion of solution for steam-oxidized scale is 75 - 
99 0/ o. It is to be noted that as seen in Contrast No. 20. if the pH is raised up to 6.5 by hydrated hydrazine, 
the proportion of solution for scale is abruptly lowered to 32%. 

In addition. Contrasts Nos. 17, 18, 19, 21. 22 and 23 are examples in which pH adjustment for 
polyaminocarboxyiic acid was effected by means of only a non-reducing amine group alkali agent, and from 
these contrasts it was discovered that if hydrated hydrazine is not added for joint use, a proportion of 
solution for steam-oxidized scale is as very low as 7% or less, and the detergent liquid cannot be employed 
for practical use. 

As a second preferred embodiment of the detergent liquid used in the method according *o the present 
invention, a mixture liquid prepared by adding at least one compound selected from a group consisting of 
aqueous ammonia, ammonia gas, morpholine, cyciohexyl amine, monoethanol amine, diethanol amine and 
triethanol amine to polyaminocarboxyiic acid to adjust its pH to 6.5 - 9.0. further adding hydrated hydrazine 
to the adjusted liquid to readjust its pH to 7.0 - 9.5 and adding a corrosion inhibitor to the readjusted liquid, 
is used. 

This detergent liquid is circulated through the circulation route shown in Fig. 1 or 2 while being held at 
a temperature in the range of 1 20 * C - 1 60 * C to remove hardly soluble scale. 

As effective polyaminocarboxyiic acid in the above-described detergent liquid, ethylenediamine- 
tetraacetic acid (hereinafter called EDTA), diethylenetriamine-pentaacetic acid (hereinafter called DTPA), 
nitrotriacetic acid (hereinafter called NTA) and hydroxyethylethylenediamine-tetraacetic acid (hereinafter 
called HEDTA) are used. A concentration of these polyaminocarboxyiic acids is determined depending upon 
the amount of steam-oxidized scale produced and adhering to the inner surfaces of boiler superheater tubes 
and main steam tubes, and since it takes 7-8 years after start of operation of a boiler until a peel-off 
phenomenon of steam-oxidized scale arises though it will be different depending upon a steam temperature 
and a number of times of start and stop, judging the amount of scale on the basis of an elapsed time, 10 - 
30 weight % is necessary. 

In addition, by adding an amine group alkali agent such as aqueous ammonia, ammonia gas, 
morpholine, cyciohexyl amine, monoethanol amine, diethanol amine and triethanol amine to the above- 
described polyaminocarboxyiic acid to adjust its pH to 6.5 - 9.0. the polyaminocarboxyiic acid is trans- 
formed into the form of salt, and thereby it is used as a chelating agent which can easily form chelate with 
the metal forming the scale. By further adding hydrated hydrazine to the prepared liquid, its pH is 
readjusted to 7.5 - 9.0. 

Furthermore, upon washing by means of the above-described detergent liquid, it is necessary to add a 
corrosion inhibitor, and as the corrosion inhibitor, any well-known corrosion inhibitor can be appropriately 
chosen for use, so long as it reveals an adsorption effect for a metal surface and can sufficiently achieve a 
corrosion inhibit effect. For instance, an organic amine group inhibitor (trade name "HIBIRON K400" 
manufactured by SUGIMURA Chemical Industry Co., Ltd.) can be named, and its concentration for use of 
0.3 weight % is sufficient. 

The detergent liquid adjusted in pH in the above-described manner is injected into superheater tubes 
and main steam tubes in a boiler, and while the detergent liquid is being circulated, hardly soluble scale is 
solved and removed at a temperature of 120 - loO ' C. 

It is to be noted that as the pH of the detergent liquid approaches to 7, the washing temperature could 
be lowered to about 120 *C, but at a temperature lower than that temperature a solving power for hardly 
soluble scale is degraded. 

On the other hand, as the pH approaches to 9.5, the hardly soluble scale would become not to be 
solved sufficiently unless the washing temperature is raised to about 160* C. and if the pH becomes 9.5 or 
higher, the solving power for scale is remarkably lowered even though the washing temperature is raised to 
a high temperature. 

The mechanism of solving scale by means of the above-described detergent liquid is considered to be 
such that in view of the fact that the solving power for scale is remarkably enhanced by adding hydrated 
hydrazine to adjust its pH, since FeY" (ferric polyaminocarboxylate) produced as a result of scale being 
solved by chelation effect of polyaminocarboxylate is successively reduced to FeY 2 " (ferrous polyaminocar- 
boxylate) similarly to the case of the detergent liquid according to the first preferred embodiment, the 
surface of the scale is always held in a reduced state, and thereby solution of scale by polyaminocarbox- 
ylate can be strongly promoted. 

500 ml of each detergent liquid shown in Table-2 - Table-4 was poured into an autoclave (a stirrable 
heated pressure vessel of 11 in volume and 200 Kg/cm 2 in pressure), then 7.0 g (if perfectly solved, 10,000 
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ppm Fe is resulted) of steam-oxidized scale (scale thickness: about 0.5 mm) produced and adhered to the 
inner surfaces of main steam tubes of a practically used boiler was put in the autoclave, and after a solving 
test was conducted at the temperature for the time indicated in Table-2 - Table-4 while being continuously 
stirred, a solved amount of steam-oxidized scale (as Fe) was measured. The results are shown in Table-2 - 
Table-4. 

Similar tests were also conducted for detergent liquids used in the prior art as contrasts, .and the test 
results were compared with each other. The test results are also indicated in Table-2 - Table-4. 

As will be seen from Table-2 - Table-4, the above-described detergent liquids according to the second 
preferred embodiment of the present invention are very excellent as compared to the contrast detergent 
liquids in that a proportion of solution for steam-oxidized scale is 80 - 99.8%. 

On the other hand, the contrasts numbered 1, 5, 10, 14, 17, 22, 25, 28, 32 and 36 are examples in 
which polyaminocarboxylic acid was adjusted in pH by means of only a non-reducing amine group alkali 
agent Unless hydrated hydrazine is not added for joint use, a proportion of solution of steam-oxidized scale 
is almost as very low as 10% or less, and the contrast liquid cannot be employed for practical use. 

It is also obvious that in the case of the contrasts numbered 40 and 41 in which a solution of 
ammonium citrate was used, a proportion of solution for steam-oxidized scale is very low and the scale can 
be hardly solved, 
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A indicates Contrasts. Remainders are Preferred Embodiments.2 
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ble-2 

trasts. Remainders are Preferred Embodiments. 
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As will be apparent from the above description, according to the present invention, since main steam 
tubes or tube members on the upstream side of the iniet portions of .the main steam tubes are cut to form a 
single loop including only main steam tubes or only main steam tubes and a superheater tube where 
production of hardly soluble scale is remarkable and a chemical detergent liquid is circulated through the 

s loop to solve and remove the scale, an inherent advantage can be obtained that the scale can be removed 
surely arid perfectly while, the detergent liquid is quite insulated from the elements on the side of a boiler 
which employ materials liable to be subjected to detergent shock such as SUS materials. 

In addition, according to the present invention, by circulating the above-described detergent tiquid 
through the main steam tubes or through the main steam tubes and the superheater tube, the following 

10 advantage can be attained: 

(1) Even for hard, dense and hardly soluble steam-oxidized scale which was impossible to be solved 
and removed by means of the heretofore known detergent liquid, a solving power is remarkably enhanced 
and it has become possible to solve and remove such scale. 

(2) Since the detergent liquid also has the effect of reducing harmful oxidizing ferric ions (Fe 3 ) which 
;s solve out upon- washing to harmless ferrous ions (Fe 2 *) . corrosion of steel material at the washed surface 

can be effectively inhibited. 

While a principle of the present invention has been described above in connection to preferred 
embodiments of the invention, it is intended that all matter contained in the above description and illustrated 
in the accompanying drawings shall be interpreted to be illustrative and not as a limitation to the scope of 
20 the Invention. 



Claims 

25 1. A method for removing scale on inner surfaces of boiler tube members consisting of the steps of 
cutting a tube member at least on the upstream side of an inlet portion of a main steam tube on the outlet 
side of a boiler, temporarily disposing a blocking plate for preventing liquid from flowing into the side of a 
turbine in a main steam blocking valve on the inlet side of the turbine, thereafter connecting the cut end 
portion of said cut tube member on the side connected to said main steam blocking valve with one end 

30 portion of a temporary piping provided with a circulating pump, connecting the other end of said temporary 
piping with said main steam blocking valve to form a circulation route by said cut tube member and said 
temporary piping, and circulating a chemical detergent liquid through said circulation route. 

2. A method for removing scale on inner surfaces of boiler tube members as claimed in Claim 1, 
wherein a detergent liquid is prepared by adding at least one compound selected from a group consisting 

35 of aqueous ammonia, ammonia gas, morpholine, cyclohexyl amine, monoethanol amine, diethanol amine 
and triethanoi amine to polyaminocarboxylic acid to adjust its pH to 3.5 - 5.5, further adding hydrated 
hydrazine to the adjusted liquid to readjust its pH to 4 - 6 and adding a corrosion inhibitor to the readjusted 
liquid, and the prepared detergent liquid is circulated through said circulation route as said chemical 
detergent liquid. 

40 3. A method for removing scale on inner surfaces of boiler tube members as claimed in Claim 1, 
wherein a detergent liquid is prepared by adding at least one compound selected from a group consisting 
of aqueous ammonia, ammonia gas, morpholine, cyclohexyl amine, monoethanol amine, diethanol amine 
and triethanoi amine to polyaminocarboxylic acid to adjust its pH to 6.5 - 9.0, further adding hydrated 
hydrazine to the adjusted liquid to readjust its pH to 7.0 - 9.5 and adding a corrosion inhibitor to the 

45 readjusted liquid, and the prepared detergent liquid is circulated at a temperature in the range of 120 C - 
160' C through said circulation route as said chemical detergent liquid. 
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FIG.1 

(a) 
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